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(57)Abstract: 

PROBLEM TO BE SOLVED: To print a gradation image 
without an image quality irregularity by keeping a timing 
of changing an ink room from the inflated state to the 
shrunk state constant regardless of the ejected droplet 
amount so as to have the control thereafter for absorbing 
the vibration energy constant and homogenize the 
residual vibration to an ink room group to be driven 
subsequently. 

SOLUTION: In a printing head comprises a large number 
of ink rooms either of ink room groups is inflated and the 
ink room group is shrunk again so as to eject ink 
droplets, and then, after passage of a waiting time 
according to the ejected droplet amount, the ink room is 
inflated. All the ink rooms are controlled so as to be 
shrunk after passage of a certain time from a drive timing for starting the printing operation 
regardless of the ejected droplet amount. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention has many ink rooms and relates to the 
ink-jet head drive method of composition of making the wall which separates the ink room transform, 
and carrying out the regurgitation of the ink drop. 
[0002] 

[Description of the Prior Art] An ink jet printer prints by making an ink drop breathe out. There is a 
thing of composition of having had the ink room of a large number which used the piezoelectric device 
for this print head. This print head gives an electric pulse to a piezoelectric device, and is made to 
transform the wall which encloses an ink room by the piezoelectric effect. In this way, the content 
volume of each ink room is changed, ink is attracted from the ink tank which stands in a row in an ink 
room, and the regurgitation of the ink drop is carried out from the orifice arranged at the end of an ink 
room. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, there were the following technical problems 
which should be solved in the above Prior arts. In order that the above print heads may be made to 
transform the wall which separates the ink room which adjoined mutually and may carry out the 
regurgitation of the ink, they are difficult for making it operate so that two adjoining ink rooms may be 
expanded simultaneously or may be shrunk. Then, one ink room group is selected by the method of 
choosing at intervals the ink room located in a line with one train every three pieces. In this way, 3 sets 
of ink room groups are selected in all, and these are driven by turns. However, when driving the 
following ink room group after driving a certain ink room group, vibration of the ink room which 
remains by the drive of the last ink room group may influence the drive of the following ink room 
group. 

[0004] Since the remains energy of vibration of the ink room which breathed out the big ink drop, and 
the ink room which breathed out the small ink drop differs when the size of the ink drop which carries 
out the regurgitation from each ink room especially tends to be chosen by the drive energy and it is 
going to carry out multi-gradation expression, the influence to the ink room driven next also becomes 
various. Therefore, there was a problem that quality of image could not vary according to the content of 
the signal which it is going to print, and stable multi-gradation printing could not be performed. 
[0005] 

[Means for Solving the Problem] this invention adopts the next composition in order to solve the above 
point. 

<Composition 1> Make the wall which separates the ink room where plurality adjoined transform, and 
the content volume of each ink room is changed. About the print head of composition of carrying out the 
regurgitation of the ink drop of respectively arbitrary drop measures from the orifice which attracted ink 
from the ink tank which stands in a row in each ink room, and has been arranged at the end of each ink 
room Expand the ink room group of one of introduction, and the content volume of each ink room is 
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increased. When shrinking the above-mentioned ink room group again, reducing the content volume of 
each ink room and making an ink drop breathe out from the above-mentioned orifice From the drive 
timing for starting printing operation, after passing the weight time according to the regurgitation drop 
measure, each above-mentioned ink room is expanded. The ink-jet head drive method characterized by 
controlling to shrink all ink rooms when fixed time has been passed since the above-mentioned drive 
timing irrespective of a regurgitation drop measure. 

[0006] Composition 2> The ink-jet head drive method characterized by holding the state where all ink 
rooms were shrunk fixed time irrespective of the regurgitation drop measure after shrinking each ink 
room and making ink breathe out in the ink-jet head drive method given in composition 1. 
[0007] Composition 3> The ink-jet head drive method characterized by returning to the state where the 
ink room was shrunk since short-time expansion of all the ink rooms was again carried out by the 
pattern same irrespective of a regurgitation drop measure after shrinking each ink room, making ink 
breathe out, and shrinking all ink rooms fixed time irrespective of a regurgitation drop measure in the 
ink-jet head drive method given in composition 1. 
[0008] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained using 
an example. 

<Example 1> Drawing 1 (a) is the ink-jet head drive method timing chart of an example 1, and (b) is the 
drive method timing chart of the example of comparison. Before explaining print head drive timing, the 
composition and outline operation of a print head to which this invention is applied first are explained. 
[0009] Drawing 2 is the perspective diagram of a print head. This print head 1 accumulates the 1st 
piezoelectric device 2-1, the 2nd piezoelectric device 2-2, and the 3rd piezoelectric device 2-3, and is 
constituted. The ink room 4 shown in drawing is formed by piling up the 2nd piezoelectric device 2-2, 
and forming a slot parallel to many longitudinal directions on the 1st piezoelectric device 2-1, at these. 
Polarization processing of the 1st piezoelectric device 2-1 and 2nd piezoelectric device 2-2 is carried out 
crosswise, respectively. Moreover, the 3rd piezoelectric device 2-3 is not carried out in polarization 
processing. 

[0010] An orifice plate 5 is stuck on the end face of all ink rooms. The orifice 6 arranged at a time at the 
end of [ one ] each ink room is formed in this orifice plate 5. The common ink room 8 is connected, and 
it is constituted at the other end side of the ink room 4 so that ink may be supplied from the ink tank 
which is not illustrated. In addition, the electrode for a drive is stuck on the upper surface of the 3rd 
piezoelectric device 2-3, the boundary of the 2nd piezoelectric device 2-2 and the 1st piezoelectric 
device 2-1, and the inferior surface of tongue of the 1st piezoelectric device 2-1, respectively. It is 
constituted by these so that a driving pulse may be supplied from a flat cable 7. 

[001 1] The end view in each state of the above-mentioned ink room is shown in draw ing 3 . The already 
explained orifice plate 5 is stuck on this ink room end face. Drawing shows the state where it was 
removed. Drawing 3 (a) shows the ink room 4 of an initial state to which a driving pulse is not supplied. 
The electric field of a direction as a driving pulse impressed between the inferior surface of tongue of 
the 1st piezoelectric device 2-1 of drawing and an electrode 3, for example, shown in the arrow El of 
drawing are added. Moreover, the electric field of a direction as shown in the arrow E2 of drawing 
between the upper surface of the 3rd piezoelectric device 2-3 and an electrode 3 are added. By this, the 
1st piezoelectric device 2-1 and 2nd piezoelectric device 2-2 produce [ both ] deformation of share 
mode. It is because the sense of electric field and the sense of polarization which are formed lie at right 
angles. By this, as shown in the arrow F of drawing, the force is added. 

[0012] When the polarity of a driving pulse is a retrose, the electric field of an opposite direction are 
completely added and the force of an opposite direction joins the 1st piezoelectric device 2-1 and 2nd 
piezoelectric device 2-2. Here, suppose that the force of arrow FF' joined the wall of two sheets of 
drawing by the driving pulse. Thereby, as shown in (b) of drawing, the wall which encloses the ink room 
4 deforms, the ink room 4 expands, and the content volume of an ink room increases. Ink is inhaled 
inside the ink room 4 through the common ink room 8 shown in drawing 2 by this. 
[0013] If the driving pulse of reversed polarity is added to the following timing, as the wall which 
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encloses the ink room 4 completely receives the force of an opposite direction and it is shown in 
drawing 3 (c), the ink room 4 will be shrunk shortly. Thus, the ink held in the interior of the ink room 4 
from the orifice 6 already explained that the content volume of the ink room 4 decreases rapidly is 
breathed out. Then, if a driving pulse is lost, it will return to the state where it is again shown in drawing 
3 ( a ) 

[00 14] The block diagram of a head drive circuit which drives the above heads is shown in drawing! . 
As shown in drawing, the head drive circuit is connected with the driver section 12 which gives fixed 
driver voltage to the electrode for a control section 1 1 driving each ink room. Each driver section 12 is 
constituted by the switching device which switches a switch so that a driving pulse (+V volts, 0 volt, or - 
V volts) may be supplied to each electrode. Expansion or contraction control of an ink room which was 
explained by control of this driver section 12 using drawin g! is performed. 
[0015] Drawing 5 shows the timing chart of an ink room group of operation. These are divided into 
three ink room groups, when many ink rooms separate the wall of each other and adjoin, as shown in 
drawing 3 . These groups are made to call it A group, B group, and C group, as shown in drawing! . In 
this case, (a) of drawing 5 is the pulse which drives A group, and (b) shows the pulse which dnves B 
group. Moreover, (c) is a pulse which drives C group. A group is driven from time tl till time t2, and B 
group is driven from time t2 till time t3. C group is driven from time t3 till time t4. 
[0016] Array explanatory drawing of an ink room group is shown in drawing 6 . Many ink rooms 4 are 
arranged as shown in this drawing, and they constitute the print head 1. As these electrodes show in 
drawing, it is divided into the object for A groups, the object for B groups, and C groups, and a 
predetermined printing pulse is supplied to these, respectively. In addition, although each ink room is 
driven with a separate signal, respectively, in this drawing, it expresses with one line collectively. 
[0017] Here, it returns to drawin g 1 and the ink-jet head drive method of the example 1 of this invention 
is explained. First, in case a predetermined ink room group is driven, a drive timing signal is supplied 
from the encoder output of the timer of a computer, or the servo motor of a printer etc. A driving pulse is 
turned on and off on the basis of this timing. For example, it is made to generate this drive timmg every 
42 microseconds here. That is, one of ink room groups drives among three ink room groups every 42 

microseconds. . . . 

[0018] The horizontal axis of a timing chart shown in drawing 1 is time. Moreover, in X, the object tor 
large drops and Y show the object for inside drops, and Z shows the timing for globules. Driver voltage 
each of each pulses - When it is V, an ink room is shrunk, and an ink room is expanded at the time of 
+V. An ink room is in an initial state at the time of 0V. Any state showed the abbreviation cross-section 
configuration of an ink room all over drawing. 

[0019] Here, a driving pulse is set to +V, after drive timing occurs at the time tO of drawing and passing 
T 0 hour shown in drawing, in performing the drive for large drops. That is, an ink room is expanded 
here. And after T 1 hour passes, an ink room is shrunk at time tl. The case for large drops, and in for 
inside drops, after maintaining the state where the ink room was shrunk till time t2, the ink room is 
returned to the initial state. In addition, the frequency which an ink room contracts most efficiently or 
expands according to the structural cause of the configuration of an ink room, aperture, and others is 
decided. This is called resonance frequency of pressure vibration. 

[0020] In this example, this resonance frequency used what is 47kHz, for example. In this case, a period 
serves as 21 microseconds. In order to carry out the regurgitation of the ink drop so much most 
efficiently at this time, the time near the half period of this resonance frequency and an ink room are 
expanded, and the thing [ carrying out a post shrinkage ] is desirable. Therefore, in the example of X 
shown in drawing 1 , Tl is selected to 8 or about nine microseconds in consideration of the response 
time of a drive element, and other situations. On the other hand, in the example of Y for inside drops, Tl 
is selected to 5 - 6 microsecond of the half extent. 

[0021] On the other hand, if time which expands an ink room more than this is shortened in the case of a 
globule, since an ink drop is breathed out and lost, the time which expands an ink room will be 
conversely selected to about about nine microseconds for a long time. And after shrinking an ink room 
at time tl, an ink room is returned to an initial state 2 hours after T, time of the initial state is set to T3, 
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and an ink room is expanded further shortly for T 4 hours. And shortly, an ink room is shrunk again, it 
holds for T 5 hours, and the state of an ink room is returned to an initial state after that. 
[0022] If control like this Z is performed, after shrinking an ink room, the ink drop which it began to 
breathe out will be returned to the ink interior of a room by expanding an ink room again. By this, 
control that a very little ink drop is breathed out can be performed. In addition, after expanding an ink 
room for T 4 hours, it is for attenuating rapidly vibration by the ink room expansion for stopping the ink 
drop regurgitation here, and carrying out absorption disappearance to shrink an ink room again for T 5 
hours. Moreover, in the object for large drops, and for inside drops, the time during time tl and t2 is 
selected at the time near one period of the pressure oscillating resonance frequency of an ink room. It is 
for this also attenuating residual vibration effectively and carrying out absorption disappearance. 
[0023] The conventional drive method timing chart is shown in (b) as an example of comparison. The 
time tO shown in this drawing expresses drive timing. It is made to start the driving pulses X, Y, and Z 
for the object for large drops, the object for inside drops, and globules at the time tl after fixed time 
from this drive timing irrespective of the size of an ink drop conventionally. 
[0024] That is, an ink room is expanded, the object for inside drops of the object for large drops is a 
little shorter than it at time tl till time t2, and the object for globules expands a time ink room a little 
longer than it at it if needed. And an ink room is shrunk after that. The time which makes contraction 
continue is the time optimized individually in order to attenuate the residual vibration energy of an ink 
room. 

[0025] However, as shown in this drawing, when the drive for large drops, the drive for inside drops, 
and the drive for globules are performed, time to end a drive, respectively comes apart and the 
vibrational energy which remains also becomes various. Therefore, the influence which it has in case 
such residual vibration drives the following ink room group was scattering, and caused quality-of- 
printed-character destabilization. 

[0026] The timing switched to the state where it was made to contract from the state where the ink room 



to hold where an ink room is shrunk after that can also be made almost equal, the influence of vibration 
in the ink room group B driven to the degree of the ink room group A becomes uniform. 
[0027] In addition, although it differs from the object for large drops, and the object for inside drops in 
for the globules shown in drawing 1 (a), it is sufficient if the time between t2 is selected from time tl so 
that vibration of an ink room may be attenuated and the residual vibration energy and the residual 
vibration energy in for the object for large drops and inside drops may become equal by control of the 
time T3, T4, and T5 shown in drawin g 1 . Therefore, equalization of control by control as shown in 
drawing 1 (a) can be attained. 

[0028] The concrete numeric value showed each times TO, Tl, and T2 of the above-mentioned example 
1 , and the control time according to the size of the ink drop of --T5 to drawin gl ■ Each of the unit is a 
microsecond. 

[0029] <Effect of an example 1> An ink room is expanded after passing the weight time according to 
regurgitation volume since the drive timing at the time of starting printing operation as mentioned 
above. So that it is not concerned with regurgitation volume, but all ink rooms may be shrunk from drive 
timing, after [ fixed ] carrying out time progress If each ink room group is controlled, it will not be 
concerned with the ink drop discharge quantity of the ink room group driven immediately before, but the 
influence of the residual vibration to the ink room group driven immediately after will be equalized 
mostly, and the printing control which was not concerned with the content of a picture signal but was 
stabilized will be attained. 

[0030] <Example 2> Explanatory drawing of an example 2 of operation is shown in drawing j£ . This 
composition is indicated in the completely same form as the table shown in drawin g! . Moreover, the 
ink-jet head drive method timing chart of an example 2 is shown in drawing 9 . This timing chart is 
indicated based on the data of drawing 8 . The written point of drawing of drawing! is the same as that 
of the timing chart shown in drawing 1 (a) of an example 1 . It is made to switch to the state where it was 
made to contract from the state where it was not concerned with the regurgitation ink drop measure, but 
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ink rooms were expanded all at once like the example 1 at the time tl which carried out fixed time 
progress from the drive timing time tO, in this example. 

[0031] This example 2 shows the example of control in the high-density printing mode of for example, 
600DPI. The maximum size of the ink drop measure which should be breathed out in high-density 
printing mode is fully small. Therefore, the control for the globules of an example 1 is adopted as all ink 
drop regurgitation control. In the case of 600DPI, it is the length of the diagonal line of a 1/600 inch 
grid, and the ink drop of the diameter of about 60 micrometer is a maximum size. 
[0032] The switch timing of the time tl in the state of making it contracting from the state where the ink 
room was expanded, like the case of an example 1 is made in agreement here so that drawingj) and 
drawing 8 may be seen and understood. Furthermore, in order to stop the discharge quantity of an ink 
drop after that, temporarily, an ink room is returned to an initial state, it is made to expand and operation 
of shrinking an ink room again is performed. That is, the processing from time tl to time t2 completely 
becomes the same irrespective of the discharge quantity of an ink drop. For this reason, further, the state 
of the residual vibration energy in time t2 is not concerned with an ink drop measure, but becomes 
simultaneously regularity from an example 1. 

[0033] <Effect of an example 2> If it is not concerned with the size of an ink drop but operation which 
adjusts the ink drop discharge quantity after shrinking an ink room as mentioned above is used as a fixed 
pattern, the influence to the ink room group driven after that can be stabilized further. 
[0034] <Example 3> An example 3 is suitable for the control in printing of for example, 300DPL 
Drawin g 10 is explanatory drawing of an example 3 of operation, and drawing JL1 is the ink-jet head 
drive method timing chart of an example 3. The written point is the same as that of an old example. 
When printing in 300DPI, the smallest drive method for globules becomes the same as that of the drive 
method for the object for large drops, or inside drops shortly. That is, as shown in drawing 1 1 , it 
switches from drive timing to the state where it was made to contract from the state where the ink room 
was expanded simultaneously, also about the ink drop of which size after fixed time. 
[0035] The ink room expansion maintenance time before time tl adjusts adjustment of an ink drop. 
Furthermore, it maintains in the state where the ink room was shrunk, till time t2 after time tl . After 
time tl, till time t2, it is not concerned with the size of an ink drop, but fixed operation is carried out. 
[0036] <Effect of an example 3> By this, after time tl, the state of the residual vibration energy which 
remains in an ink room is not concerned with the size of an ink drop, but becomes fixed. Therefore, the 
influence on the ink room group driven next is stable like an old example, and high-definition printing is 
performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Make the wall which separates the ink room where plurality adjoined transform, and the 
content volume of each ink room is changed. About the print head of ****** which breathes out the ink 
drop of respectively arbitrary drop measures from the orifice which attracted ink from the ink tank 
which stands in a row in each ink room, and has been arranged at the end of each ink room Expand the 
ink room group of one of introduction, and the content volume of each ink room is increased. When 
shrinking the aforementioned ink room group again, reducing the content volume of each ink room and 
making an ink drop breathe out from the aforementioned orifice From the drive timing for starting 
printing operation, after passing the weight time according to the **** drop measure, each 
aforementioned ink room is expanded. The ink-jet head drive method characterized by controlling to 
shrink all ink rooms when fixed time has been passed since the aforementioned drive timing irrespective 
of a **** drop measure. 

[Claim 2] The ink-jet head drive method characterized by holding the state where all ink rooms were 
shrunk fixed time irrespective of the **** drop measure after shrinking each ink room and making ink 
breathe out in the ink-jet head drive method according to claim 1 . 

[Claim 3] The ink-jet head drive method characterized by returning to the state where the ink room was 
shrunk since short-time expansion of all the ink rooms was again carried out by the pattern same 
irrespective of a **** drop measure after shrinking each ink room, making ink breathe out in the ink-jet 
head drive method according to claim 1, and shrinking all ink rooms fixed time irrespective of a **** 
drop measure. 



[Translation done.] 
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L. 2^b»«t 3*-mB»«riOW-5o »**J 

t 3 3&»e>n**l t 4*-eiici¥^ffiK)i~5o 

[00 16] HBIcti, v^S»tO|E?iJKWEI*:* 

[0017] r.r-c> mitcMoT, 

ic N B»^^^^>d-7"r«o Mx.li, r. r X(i 4 2 
5i:ixv^ 0 EP^4 2 -^>f ^ n#S(c 3oco-f 
[0018] IE! 1 {c^L/c^^ ^ hco«tt(i 
men? 4 * y^**tc v^-f*tt««i«EE 

[0 0 19] *Mffl<OBgl(i4:fi : 5 4&'&^iL El 

tomta t ox K7>r^#>r ^ y^js^ut^b, mt- 
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[0020] rcDtfl-eii. «x.tfr.o*lBH»** s 4 7 
kHzot)^^L/c 0 rco±j^, JSBSI12 * io 

"Cli, T 1 £*0¥$m£^5-6 W^n^cESJfeL 

[0021] — r.^w±^>^^S:J» 

-Y > ^ S SrUKK S * 6 fl* H fii»fc* < 13 iS 9 

^SrflXffi*^^, T2l»|B«JC>f ^^fi*r«])B««^ 
ML, *Ott##«<Oll#IH«rT 3 £ U Il^ffllT4 

^aSriR«*-ti:-CT5«flB«»L, *G>«, ^f^So 

[0022] r^z^j: oteffl0$:'n 3 ? t. 

fc, **JB i«M titt 2<&IH<3fl#IH 

[0 0 2 3] (b) itlftfflli: L-Ct6*OB»*ft^ 40 

*y s h^-^o r©igjc^-r^*j t ora, k 

7^7?^ * >^£*-fo «*i±, -Y^SSrc^SU: 

[0024] fip-b, B#sa t iic N ^y^M&l*3S£-£, 

5, iRjBI*«ttS*Si*IBttW'>^a©»««»^*/u 50 
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[0025] ::<Z)iai^-f <fc 9 t:, *:*&jl<7) 

^timmzmr-t z> if e> if & k * 0 , »gi- 5 s 

»:n*,i,¥— Rot, ^ttb^^S 

[0 0 2 6] [Hi (a) tC^-T*5S^(Cj:tttf, -yv* 

-Y SV*'*:— ^cr>m> >T>*S*iK«Si2:fctt 
fig 5 B#W t>!3t£^ Kt^^<!:^t^f:fe> 

[0 0 2 7] ft4b\ IDl (a) k^'-nb/b 
4, T Stf^JWc^oT-Y >?m?>MW}$:i$.&£^X, 

ictftx 0 ftmmiz£<>xfflm<Dfy-<k&mz>^ttfx 

[0 0 2 8] HI 7 (CIS. ±SAf*0iJ 1 W#»BT 0 , T 

1, T2, -t Sco^rv^SSco^:^ ^(CiSt^fcSJW#ra 
[0029] <A#« 1 ^Sft*> J^±^ J: 5 M> 

[0 0 3 0] (MrWM 2 > B8fc|l, ^f*^ij 2 ottfftt 

tt$turv^5, H9©KI©IE«If«tf:, JrftfW l ^H) 1 
(a) tc^U^^-f x>^^^r— btm— 

^tzwmicmvWkTLZ&o^Lx^^e 

[0 0 3 1 ] 211, ^i^ltf 6 0 0 D P I 

Sot, ^rw>f>^SSti:a»jep(c, 
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[0 0 3 2] 09^08 SrjLTJb^Si: 

feiRSW * * « 1**1 t 1 5 >^'£ 

[0033] 2 co?am> Sl±<o£i^ 

[0 0 3 4] <^WJ 3 > JIWI 3 12, 0iJ*_tf3 0 0 D 

Mrfcm 3 wKfHRWBlTN H l i 3 ^ 

E^fclSiHl*. m*t?^*fls:W<blRl«-efe^o 3 0 0D 
[0 0 3 5] >*JStf>PSt*, t 1 J^ftj^^ >^ 30 



[0036] (Mrfcm 3 ©sb*> r juk <t o r . p#*j t 

[01] (a) 1 <D4 ^9 i/zz. y h^y KU*IJj 

$ is if — K (b) im«09<aiES)b;fr«&* 
[02] HI*— 5/ F^f«T^6c 

[19 3] >r^^^#!Rttw««ffiBi-e*>5. 

[0 4] — * KKtt0B<0:/n3>^H-e*>So 
[05] -o^^t¥ttff^^5>'^ + -b-e*>a« 
[0 6] -o^ffif^ia^ijKwia-cfc^o 
[0 7] *ff«i<©»fiFKWia-e*>5„ 

[0 8] *#«2«?5»f^RWBlT?«>5c 

[0 9] A»«2flD>r^^^y b^y KIl*ft^^ 

[010] ^ft:fi»j3^iftf^RMia"Cte«>o 

[011] M:faffl3<D^ i/^y h^y VmWlJife? 

4 Y 

10, t 1 , t 2 

y tprntsmw)^^* 
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